Patients with bullous emphysema are at increased perioperative risk because of their compromised respiratory state and potential for barotrauma. I.' The presence of a pneumothorax with persistent air leak further complicates anaesthesia and cardiorespiratory function. We describe the anaesthetic management of a patient with severe bullous emphysema, complicated by pneumothorax, mediastinal and severe subcutaneous emphysema undergoing urgent bullectomy.
Patients with bullous emphysema are at increased perioperative risk because of their compromised respiratory state and potential for barotrauma. I. ' The presence of a pneumothorax with persistent air leak further complicates anaesthesia and cardiorespiratory function. We describe the anaesthetic management of a patient with severe bullous emphysema, complicated by pneumothorax, mediastinal and severe subcutaneous emphysema undergoing urgent bullectomy.
CASE HISTORY
A 60-year-old, 78 kg male ex-smoker with a past history of pulmonary bullous emphysema presented with increased dyspnoea. He had complained of increasing exertional dyspnoea over the previous twelve months and required seven hospital admissions over the previous six months. He was normally limited by dyspnoea to walking twenty metres and had occasional nocturnal dyspnoea.
Other past history included two myocardial infarctions, following which he had coronary artery bypass grafts in 1988. In October 1991, he had a further episode of myocardial ischaemia requiring hospital admission. A gated pool scan showed a dilated left ventricle with an ejection fraction of 30070 and a right ventricular ejection fraction of 53%. An electrocardiogram (ECG) showed evidence of old inferior and septal infarction with minor intraventricular conduction delay.
On this admission he was afebrile, with a respiratory rate 20/min. He was obese, barrel-chested, and appeared to be in some respiratory distress. He was not cyanosed. A chest X-rayon admission showed bullous disease involving both lung bases posteriorly, estimated to contain approximately 30% of the intrathoracic gas volume. Arterial blood gases (breathing air) were pH 7.44, PaC02 37 mmHg, P a 02 65 mmHg. He While in hospital the patient developed sudden onset of right-sided chest pain associated with acute dyspnoea. Saturation on pulse oximetry decreased from 91 % to 70% despite intranasal oxygen of 4 IImin. His blood pressure increased to 160/100 mmHg, heart rate to 150/min, and respiratory rate to 44/min. A pneumothorax was suspected and an intercostal catheter was placed with immediate improvement.
Two days later the intercostal catheter was removed because the air leak had ceased. Seven hours later the patient was noted to have right-sided pectoral surgical emphysema, though he was not dyspnoeic and a chest X-ray excluded pneumothorax.
Three days later he again became acutely dyspnoeic, with acute facial swelling. There was extensive surgical emphysema of the neck, face and chest wall, extending down to the dorsum of both hands. A chest X-ray demonstrated widespread subcutaneous and mediastinal emphysema (Figure 1 ). Because of the recurrent and extensive nature of the air leak he was booked for urgent left bullectomy. Because of the patient's facial and pharyngeal swelling, intubation would have been potentially difficult. He had been fasted. Intravenous access was secured and a radial arterial cannula inserted. Pulse oximetry, end-tidal capnography, invasive blood pressure monitoring, ECG (leads II and V5), Fi02 and airway pressure were measured.
To avoid positive pressure ventilation, an inhalational induction was achieved with 100070 oxygen and increasing concentrations of enflurane to 5070. Incremental doses of thiopentone (25 mg) were used to smooth out the brief periods of excitement. Due to his bulk and significant lung disease the induction spanned 15 to 20 minutes.
The pharynx was sprayed with 10070 lignocaine and an oropharyngeal airway inserted. Approximately five minutes later when an adequate depth of anaesthesia was achieved, a size 4 laryngeal mask airway (LMA) was easily inserted. The patient continued to breathe spontaneously with end-tidal capnometry of 43 mmHg. Bilateral intercostal catheters were inserted with some difficulty due to the patient's bulk and extent of subcutaneous emphysema. Flexible fibreoptic endoscopy via the LMA revealed marked swelling of the tissues around the laryngeal inlet, including the vocal cords, which were easily seen. Intravenous suxamethonium 100 mg was used to facilitate insertion of a left-sided 39 FG Bronchocath (Mallinckrodt, St Louis, Missouri). Correct positioning was confirmed with the bronchoscope. The patient's respiration was gently assisted until he again began to breathe spontaneously.
He was positioned in the right lateral position and a left thoracotomy commenced. As the pleura was opened, atracurium (40 mg) was administered and IPPV commenced. The ventilator was adjusted to minimise dynamic hyperinflation ("gas trapping"):' no PEEP, tidal volume 10 mllkg, rate 8 breaths/min and a high inspiratory flow rate to maximise expiratory time.
One-lung anaesthesia was commenced without adverse effect on capnometry (PE 'C02 43 mmHg) or pulse oximetry (Sp02 100070). The airway pressure rose from 36 to 46 cm H20. The bulla was delivered, opened, and staples applied across its base. A pleurodesis was also performed and two new intercostal catheters inserted.
During surgical closure the systolic blood pressure decreased from 150 mmHg to 100 mmHg. At this time the right intercostal catheter was noted to be no longer bubbling and a diagnosis of a right tension pneumothorax was made. Ventilation was switched to the left lung, with the tracheal lumen of the Bronchocath opened to air. His blood pressure responded quickly.
At the completion of surgery the patient was rolled into the supine position and the right intercostal catheter was unkinked. A gush of air resulted. A thoracic epidural catheter was then inserted at T6-7 interspace to supplement postoperative analgesia.
After neostigmine 2.5 mg and glycopyrrolate 0.4 mg, and when the patient was awake and breathing adequately, he was extubated in the sitting position. He was then transferred to the recovery room and remained well oxygenated with a Puritan mask (Puritan-Bennett, Lenexa), Fi02 0.70.
He made an uneventful postoperative recovery. Epidural analgesia was maintained with an infusion of 0.1 070 bupivacaine/pethidine at 6-12 mllhr. On the second postoperative night he had further bubbling from his right intercostal catheter, presumably due to further bullous rupture. His left intercostal catheters were removed on day 3. His epidural was removed on day 4, and the right intercostal catheter on day 20. He was discharged home on day 25, at which time his arterial blood gases on air were pH 7.45, P a C02 41 mmHg, P a02 65 mmHg, Sa02 93070. It was planned to readmit him at a later date for a right bullectomy.
DISCUSSION
Surgical bullectomy is indicated for incapacitating dyspnoea, expanding bullae, repeated pneumothoraces due to bullous rupture, or compression of significant accounts of normal lung tissue. J Ting et al. 4 have discussed the mechanical properties of lung cysts and bullae: the bullae have a lower resistance to inflation exhibiting the physical effects of LaPlace's law, and can inflate but not deflate because their opening becomes progressively compressed. Their increasing size causes compression of the surrounding tissue, with increasing deterioration in pulmonary function. Enlargement of a bulla can also have cardiovascular effects similar to those of a tension pneumothorax, due to impairment of venous return and displacement of the mediastinal structures to the opposite side.
Positive pressure ventilation can cause the bulla to enlarge or rupture. Rupture, if it occurs into the pleural space, leads to a bronchopleural fistula, inadequate ventilation and the risk of tension pneumothorax. Rupture of the bulla wall may also occur with release of gas into the interstitial lung tissue, tracking then to neighbouring tissues via fascial planes. 5 (This explains why the patient also had episodes of mediastinal and subcutaneous emphysema without evidence of pneumothorax.) A double-lumen endobronchial tube was used to isolate a lung should it rupture, while still allowing ventilation of the contralateral lung. One-lung anaesthesia would also improve surgical access to the operated lung. It also allowed us to deflate the dependent, non-operated lung when the patient developed a tension pneumothorax.
Positive pressure ventilation was instituted after lung isolation and opening of the left pleural cavity. The selected pattern of IPPV differed from that frequently suggested (small tidal volumes, rapid rate). 1.3.6 Patients with expiratory airways obstruction, particularly if associated with compliant emphysematous lungs, are at risk of dynamic hyperinflation or "gas-trapping". Several authors have shown the dynamic hyperinflation can be minimised using a ventilatory pattern that maximises expiratory time. 2.7 Similar patients have been described by CasebyB and Cohen et al. 1 However, our patient had some specific features that made anaesthesia particularly difficult. He required urgent surgery, had an active lung air leak and air in the tissues, which made intubation potentially difficult and precluded IPPV. Intercostal catheters were placed after induction of anaesthesia because of the patient's distressed state, his bulk and depth of subcutaneous emphysema. An inhalational induction was used to avoid IPPV and maintain an airway during a potentially difficult intubation. By keeping the patient breathing spontaneously it remained possible for us to wake the patient and reassess our management plan if airway maintenance proved difficult. The ability of fibreoptic endoscopy to evaluate the upper airway meant that it was possible to avoid the use of muscle relaxation until we were confident that intubation could be accomplished.
Enflurane was chosen to minimise the risk of ventricular arrhythmias and myocardial depression in this patient with co-existent cardiac disease. 9 Nitrous oxide was avoided because of the added risk of expansion of the pneumothorax and expansion or rupture of the bullae. 10 The patient also needed a high inspired oxygen concentration to maintain adequate arterial oxygen saturations because of his pulmonary disease.
Successful anaesthetic management for thoracotomy in a patient with severe bullous emphysema, complicated by rupture, is described. This technique proved safe and effective, and highlighted another use of the laryngeal mask in a patient with a potentially difficult airway.
